The French Observatory of Food Quality (Oqali) aims to collect all nutrition data provided on processed food labels, at the level of brand products, in order to monitor reformulation and nutrition labeling changes over time. This work aimed to make a cross-sectional comparison of the nutrition content of processed foods on the French market, according to their type of brand (national brands, retailer brands, entry-level retailer brands, hard discount, and specialized retailer brands), and to study the potential impact of the differences observed on simulated nutrient intakes. A total of 16,453 branded processed foodstuffs were considered, collected between 2008 and 2011 and divided into 24 food sectors. Labeled nutrition values were compared between types of brands by family of products. Nutrition values were matched with consumption data from the French Individual and National Study on Food Consumption (INCA 2) (Afssa, 2006 (Afssa, -2007 to determine whether the nutrition differences underlined were magnified or diminished when crossing them with consumption data. Only isolated differences in nutrient contents between types of brands could be highlighted. In the case of a theoretical and exclusive consumption of processed foodstuffs from one specific type of brand, protein intakes from firstprice products (entry-level retailer brands and hard discount) appeared to be significantly lower than the ones from national or retailer brand products. The absence of systematic differences in the nutrition contents of processed foods from various types of brands is an encouraging result when considering social inequalities and nutrition. As protein intakes in France are currently above recommended levels (Afssa, 2007) , consumption of first-price foodstuffs does not imply any risk of deficiency for French consumers. 
| INTRODUC TI ON
Due to rising differences in overweight and obesity prevalence between social groups (Afssa, 2007; Darmon & Drewnowski, 2008; Lee, Ralston, & Truby, 2011; Maillot, Darmon, Vieux, & Drewnowski, 2007; Roos et al., 2001) , especially among children (Anses, 2012; Beydoun, Powell, Chen, & Wang, 2011; Pilgrim et al., 2012) , nutritionists and stakeholders have been increasingly in need of accurate data on the link between the nutrition quality of processed foods (Weaver et al., 2014) and their price/type of brand (for instance retailer or national brands).
Several recent articles and reports have endeavored to compare the nutrition quality of products from different types of brands and various food sectors. They focussed both on the labeling of nutrition information on packages and on the nutritional composition of processed foods according to the type of brand. Several studies have shown that entry-level foodstuffs (as opposed to core-market and high-end foodstuffs, belonging to both retailer brands or national brands) displayed nutrition information on their packages with a lower frequency than core-market and high-end foodstuffs (CLCV, 2009; CNA, 2010; Guibert, 2007; Joly et al., 2007) . Furthermore, the review published in 2010 by the French National Food Council (CNA) concluded that, considering the nutrition values labeled, no significant difference in the nutrition quality could be highlighted between entry-level products (corresponding to hard discount and entry-level retailer brand products) on the one hand and retailer or national brand ones on the other hand. These observations were based both on Oqali reports published until then (Breakfast cereals 2008 (OQALI, 2008a , Cakes and biscuits 2008 (OQALI, 2008b) and Fresh dairy products, and similar 2008 -2009 (OQALI, 2009 and on a bibliographic search. The results of the few Oqali reports processed on this occasion (Oqali website) showed only isolated differences in the nutrition content between types of brands. The French consumers' association CLCV (Consumption, Housing, and Living Environment) described similar results in 2009 (CLCV, 2009 ).
In their study entitled "First prices and quality" published in 2010, the Belgian CRIOC (Information and Research Centre for Consumer associations) could not identify any causal link between price and nutrition quality either (CRIOC, 2010) . However, these findings were generally based on a limited range of products and categories (Cooper & Nelson, 2003; Faulkner, Livingstone, McCaffrey, & Kerr, 2014; Waterlander, Van Kouwen, & Steenhuis, 2014) . The results presented in this article thus aim to strengthen these observations by covering almost all of the processed foods available on the French market.
The French Observatory of Food Quality (Oqali) (Oqali website) is a project set-up in 2008 by the Ministries in charge of Agriculture, Health, and Consumer Affairs. It is implemented both by the French Agency for Food, Environmental, and Occupational Health and Safety (Anses) and the French National Institute for Agricultural Research (INRA) (Menard et al., 2011) . The Observatory collects and analyses almost all nutrition data provided on labels of processed foodstuffs, at the level of branded products. These analyses enable the monitoring of changes in nutrition labeling (nutrition information and composition) of processed foods over time (Goglia et al., 2010; Menard et al., 2012) . Consequently, all labeling parameters provided on packaging (nutrition labeling, nutrition and health claims, serving sizes, etc.) are collected. Socioeconomic parameters such as market shares and types of brands are also taken into account (Menard et al., 2011) . With more than 40,000 food items in its database, almost all types of processed foods are now monitored by Oqali. This work aimed to give a thorough, cross-sectional comparison of the nutrition content of processed foods on the French market, according to their type of brand, and to study the potential impact of the differences observed on simulated nutrient intakes. 
| MATERIAL AND ME THODS

| Data sources
| Nutrition values studied
Eight components were considered in the study: energy value, fats, carbohydrates, proteins, saturated fatty acids, sugars, fibers, and sodium. For each of them, the associated nutrition values considered were those labeled on foodstuffs. For the 24 food sectors considered, only relevant nutrients were studied and tested (for instance, Delicatessen meat was only tested for energy value, proteins, fats, saturated fatty acids, and sodium, 
| Simulation of potential impact on nutrient intakes
The nutrition values studied were also matched with consumption data from the French Individual and National Study on Food Consumption (INCA 2) (Afssa, 2006 (Afssa, -2007 in order to evaluate whether the nutrition differences reveal within product-families between types of brands were magnified or diminished by crossing them with consumption data.
Three types of brands were distinguished: national brands, retailer brands, and first-prices (gathering hard discount and entrylevel retailer brands). These two last types of brands were gathered to obtain higher numbers of products, as entry-level retailer brands had too few products to be studied individually. 
| Study of the impact of brand loyalty on nutrient intakes
Three types of scenario were studied: (a) three maximalist scenarios of consumers that are exclusively loyal to a specific type of brand; (b) three scenarios of consumers that are highly loyal to a specific type of brand; (c) one scenario of consumers that buy all types of brands.
The average nutrition values used differed depending on the scenario:
a. Maximalist scenarios: these cover use of the weighted average 
| Nutrition intake calculation
Weighted average nutrition values described previously (depending on the scenario considered) were then combined with consumption data from the INCA 2 study. A maximalist approach was chosen:
The circumstances of consumption records were not taken into account (i.e., place of consumption, homemade/processed foods), and the nutrition values calculated were combined with all consumption records linked to a given INCA 2 foodstuff in order to exacerbate the impact on related nutrition intakes. This may nonetheless have introduced a bias considering the existence of potential differences in consumption profiles according to the different circumstances of a meal.
Final simulated intakes according to the various scenarios were then calculated by age and sex population. The design of the INCA 2 study was taken into account in this calculation.
| Statistical tests undertaken
For each nutrient studied, statistical tests were undertaken to determine whether there were some significant differences in nutrition intakes among a given population, according to the b E, energy value; F, fat; C, carbohydrates; P, proteins; SFA, saturated fatty acids; S, sugars; DF, fibers; and Na, sodium.
TA B L E 1 (Continued)
were undertaken to identify which types of brands differed from one another. 
| RE SULTS
| Oqali food sectors and market coverage
| Comparison of the nutrition values labeled between types of brands
It should first be noted that much more nutrition data were available for national and retailer brand products (compare to hard discount and entry-level retailer brands), mainly thanks to their higher number of products on the market. Moreover, national and retailer brand products had the highest frequencies of nutrition labeling 2 (94% for retailer brands, 90% for national brands versus 87% for hard discount, and 71% for entry-level retailer brands) and also of detailed nutrition labeling 3 (76% for retailer brands, 61% for national brands versus 41% for hard discount, and 28% for entry-level retailer brands) (Perrin et al., 2017) . This is why comparisons were mainly feasible between retailer brands and national brands. The fact that more significant differences might be found between these two types of brands must then be qualified by the lower amounts of data available for other types of brands, causing statistical tests to be less powerful as far as the latter are concerned. Table 2 summarizes, for the eight nutrients studied, the amount of data available for the comparative study of nutrition values, the number of relevant product-families (i.e., relevant for the nutrient of interest) that were actually tested and the percentage within these relevant product-families where significant differences were found in the nutrition content between types of brands. The low percentages noted (between 2% and 8%) show that only isolated and nonsystematic differences could be determined, when considering the nutrition values labeled on processed foods on the French market. No cross-sectional tendency was found among the 24 sectors studied in this comparative study between types of brands.
Significant differences in fat content between types of brands were found for only 7% of the 317 relevant product-families studied (Table 2 ). These were isolated observations, and the amplitude of the differences was low: The maximal amplitude noted between types of brands was for the Pork lardons family within the Delicatessen meat sector with a 9.9 g/100 g gap between the average fat contents of entry-level retailer brand (29.8 g/100 g) and national brand products (19.9 g/100 g) (data not shown). A parallel can be drawn with the difference in average energy values, also observed for these two types of brands for the Pork lardons family (325 kcal/100 g for entry-level retailer brand products and 249 kcal/100 g for national brand ones) and in average protein contents (14.0 g/100 g for entry-level retailer brands and 17.0 g/100 g for national brands) (data not shown).
Significant differences between types of brands were found for only 5% of the 320 relevant product-families considered for the study of sugar content. The maximal difference observed between average sugar content by type of brand was related to the Ice cream TA B L E 2 Number of products labeling the different components studied, number of relevant families associated, and percentage of families where significant differences between types of brands were noted coupes family (within the Ice creams and sorbets sector) with a 8.8 g/100 g gap between national brand products (17.6 g/100 g) and entry-level retailer brand ones (8.8 g/100 g) (data not shown).
However, it should be noted that only one datum was available for entry-level retailer brands.
Differences between types of brands were found for only 3% of the 287 relevant product-families tested for differences in sodium content. The widest gaps observed between average sodium content by type of brand were 0.90 g/100 g for the Peanuts family (within the Crackers sector) between hard discount products (1.80 g/100 g) and national brand ones (0.90 g/100 g), and 0.86 g/100 g for Aperitif crackers family (within the Crackers sector) between harddiscount products (1.26 g/100 g) and entry-level retailer brand ones (0.40 g/100 g) (data not shown).
Differences between types of brands were found for only 8%
of the 197 relevant product-families tested for differences in protein content. Concerning Delicatessen meat and for three productfamilies among the 32 for this food sector (Raw ham, Pork lardons, and Superior cooked ham), hard discount products had average protein contents lower than the ones of national brands and retailer brands (data not shown). A significant difference of 5.2 g/100 g was noted for average protein content (data not shown) for Raw ham between retailer brand (28.8 g/100) and hard discount (23.6 g/100 g).
Product-families from the Ice creams and sorbets sector showed significant differences in the nutrition content between types of brands for several components: energy value, fats, carbohydrates, saturated fatty acids, and sugars. Indeed, within a single productfamily, national brand products and specialized retailer brand ones were associated with higher average contents than other types of brands, due to more elaborate and thus richer recipes, with frequent inclusion of sauces, biscuits, and nuts.
These various results all point in the same direction and show that dietary nutrient quality is not negatively affected by an increased consumption of first-price foodstuffs.
| Simulation of the potential impact of nutrition differences between types of brands on nutrient intakes
| INCA 2 foodstuffs considered and nutrition data available
Following the matching of INCA 2 foodstuffs and Oqali products, 343 INCA 2 foodstuffs-of 1,342 in the whole INCA 2 nomenclature-had been associated with at least one Oqali product from each type of brand studied (national brands-retailer brands-first-price brands) and could thus be taken into account. As shown in Table 4 shows the corresponding daily amounts of foods consumed for the 343 foodstuffs and associated consumption records taken into account in this study. It enables us to put into perspective the intakes considered (due to these 343 foodstuffs) that account for between 19% and 43% of the total diet (with and without water) depending on the population considered. This can be explained both by the fact that raw food groups are not studied by Oqali (Table 3) and also by the methodology requiring the study of only INCA 2 foodstuffs matched with at least one product from each type of brand. In terms of energy intake, intakes covered by the study corresponded to 35% of men's total energy intakes without alcohol, taken from the INCA 2 study (Afssa, 2006 (Afssa, -2007 (with reference for men's average energy intake without alcohol at 2,348 kcal/day). third one eating only average first-price products, and a last one eating average products with a composition representative of the total market supply (composed of retailer brand, national brand, and firstprice products). For significant tests (p-value <.05), mean values with no common letter ("a" on one hand and "b" on the other for instance)
| Part of the total diet studied
| Scenarios of simulated nutrient intake
are statistically and significantly different, whereas the ones with a common letter are not significantly different.
Proteins appeared to be the only nutrient for which there were significant differences between average daily intakes both for adult populations shown in Table 5 , but also for teenagers and children (data not shown). Indeed, average daily protein intake from firstprice products (scenario A3), related to the consumption of the 343 foodstuffs studied, was significantly lower than that for national (scenario A1) and retailer brands (scenario A2), for all the populations studied. For instance, men's average daily protein intake was 22.2 g/100 g for first-price products, 24.0 g/100 g for national brands, and 24.4 g/100 g for retailer brand products.
These results correspond to a theoretical simulation of individuals consuming exclusively processed first-price products in the scope of a partial diet. They nonetheless suggest a tendency to lower protein intake through the consumption of first-price products. This can be related to the significant differences and tendencies noted previously for proteins in the study of nutrition values according to the type of brand.
In the case of high-loyalty scenarios (scenario [b] ), no significant difference between average daily intakes was noted, whatever the nutrient considered (data not shown).
| D ISCUSS I ON
The aim of this study was to explore, on the large scale of almost complete coverage of the French processed foods market, nutrition differences between types of brand, and whether the differences that might be observed at product level were magnified or diminished at food intake level by crossing nutrition contents with consumption data. To our knowledge, this is the first study comparing nutrition quality between types of brands for such a large sample of processed foodstuffs (the estimated market coverages per type of brand all being around 70%). We decided to compare nutrition values nutrient by nutrient, rather than using some nutrition quality scoring method, in order to study each nutrient, and then nutrient intakes, separately and to be able to determine small and isolated differences. This means that our study did not take into account any concepts of recipe or source of ingredients.
This work shows that, when considering the nutrition values labeled on processed foods on the French market, only isolated and nonsystematic differences could be determined between types of brands. The absence of systematic differences in the nutrition contents of processed foods from various types of brands is an encouraging result when considering social inequalities and nutrition. It strongly validates the results obtained by previous and more specific studies that also compared nutrition values between types of brands.
Such studies were carried out on restricted ranges of food groups and smaller numbers of products. Indeed, the French consumer review, "60 million consumers," devoted an issue to this subject in 2007 (Guibert, 2007) . Their investigation consisted of two comparative trials based on raviolis (22 products compared) and chocolate-filled biscuits (22 products) from national brands, retailer brands, hard discount, and first-price brands. Concerning raviolis, it was emphasized that national and retailer brand products generally contained more meat than first-price ones: However, this could not be linked to a lower amount of proteins as they were also contained in the wheat used for the dough and the filling or in the egg whites in the dough.
In 2009, the CLCV similarly compared the nutrition information labeled on more than 300 discount, retailer brand, and national TA B L E 3 Number of INCA 2 foodstuffs associated with Oqali products, by food group brand products (CLCV, 2009) . Discount products did not appear to have a higher fat content or to be more rich in calories (compared to national and retailer brands): Sometimes, it was even the other way round. For the sample of products they studied, Cooper and Nelson (Cooper & Nelson, 2003) also showed that economy-line foods (products cheap in price and plain in packaging) had a nutrient composition similar to and often better than the branded foods. (Waterlander et al., 2014) .
It should be emphasized that the difficulty of studying labeled nutrition values is due in particular to the availability of such labeling. A study published in 2007 on first-price foods as compared to branded ones (Joly et al., 2007) for hard discount, and 28% for entry-level retailer brands (Perrin et al., 2017) . It must be pointed out that considered products were collected between 2008 and 2011, when EU regulation n°1169/2011, which makes detailed nutritional labeling mandatory, was not yet in force.
For this study and the simulation of the potential impact on nutrient intake part, due to the lower nutrition labeling among first-price products, it should also be noted that, among the 343 INCA 2 foodstuffs studied, numerous average nutrient content values per type of brand were calculated on less than three Oqali products.
The study eventually took into account 10,640 Oqali products, associated with 343 INCA 2 foodstuffs, out of the approximately 14,400 products labeling nutrition values. This difference is due both to the necessity of having the three types of brands represented for the INCA 2 foodstuffs studied and to the need for associated sales volumes in order to calculate weighted averages. The scope of the study has thus been reduced to cover only those references for which all of the necessary data are available. This limits the links one may draw between the two parts of this study. One should also note that, due to the fact that the INCA 2 foodstuffs studied represent only a part of the diet, this led, for instance, to higher energy intakes for young girls (693 kcal/day for all types of brands considered) than for women (638 kcal/day for all types of brands considered), due to the specific foodstuffs and food groups taken into account in this part of the study. TA B L E 4 Daily food quantities consumed for different populations for the 343 INCA 2 foodstuffs studied and percentage of these consumed quantities in the total food diet (with or without water), according to the INCA 2 study Finally, the tendency to lower protein intake due to the consumption of first-price products that has been highlighted in this study should be qualified, as protein intake of the French population is currently above recommendations (Afssa, 2007) : In this respect, such first-price foodstuffs consumption does not imply any risk of deficiency or insufficient intake for French consumers.
| CON CLUS IONS
Among the 16,081 processed products considered, collected from 24 food sectors between 2008 and 2011, and considering the nutrient contents labeled, only isolated and nonsystematic differences in the nutrient contents between types of brands were underlined.
No cross-sectional tendency was found among the 24 food sectors studied in this comparative study between types of brands. When crossing these labeled nutrition values with consumption data from the French INCA 2 study (Afssa, 2006 (Afssa, -2007 and in the case of a theoretical maximalist simulation of individuals consuming exclusively processed foodstuffs from one specific type of brand, protein intake from first-price products appeared to be significantly lower than the ones from national brand or retailer brand products. No difference in nutrition intake could be observed in a less extreme scenario, where foodstuffs from one specific type of brand were just consumed predominantly and not exclusively. These results nonetheless suggest a tendency to lower protein intake due to the consumption of first-price products. The absence of systematic differences in the nutrition contents of processed foods from various types of brands is an encouraging result when considering social inequalities and nutrition. 
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E N D N OTE S 1
Representative household purchases data of the French population. Nutrition labeling: display of the nutrition content of a food product, either by labeling the "Big 4" (energy, protein, carbohydrate, and fat) or the "Big 8" (energy, protein, carbohydrate, sugars, fat, saturated fat, fiber, and sodium/salt) per 100 g. Any additional nutrient amount can be labeled, for instance to support a nutrition claim.
